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(57) Abstract 

Apparatus, and methods are provided for restoring, and maintaining an open passage or lumen (106) in a body conduit, such as 
a blood vessel, which has become stenosed or occluded. The apparatus includes a stent (100) which is specially adapted for inhibiting 
restenosis within the stent (100) after implantation in a body passage. In various embodiments, the apparatus also includes a catheter (120) 
or other device for operating the stent (100) to inhibit restenosis within the stented region of the body passage. The methods presented 
include implanting the stent (100) within a body passage, typically a blood vessel such as a coronary artery, which has become stenosed or 
occluded, and operating the stent (100) to inhibit ingrowth of stenotic material which would result in restenosis of the stented region. The 
stent (100) may be operated manually to inhibit or remove ingrowth of stenotic material, for example by introducing a catheter (120) which 
acts on the stent (100), or the stent (100) may operate automatically to inhibit or remove ingrowth of stenotic material without manual 
intervention. 
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VASCULAR STENT FOR REDUCTION OF RESTENOSIS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to apparatus 
and methods for restoring and maintaining an open passage in 
body conduits, such as blood vessels, which have become 
stenosed or occluded. More particularly, the present invention 
relates to a vascular stent for maintaining an open blood flow 
lumen in blood vessels and for preventing restenosis. 

Percutaneous transluminal angioplasty (PTA) and 
percutaneous transluminal coronary angioplasty (PTCA) 
procedures are widely used for treating stenotic 
atherosclerotic regions of a patient's vasculature to restore 
adequate blood flow. Catheters having an expansible distal 
end, typically in the form of an inflatable balloon, are 
positioned in an artery, such as a coronary artery, at a 
stenotic site. The expansible end is then expanded to dilate 
the artery in order to restore adequate blood flow to regions 
beyond the stenosis. While PTA and PTCA have gained wide 
acceptance, these angioplasty procedures suffer from two major 
problems: abrupt closure and restenosis. 

Abrupt closure refers to rapid reocclusion of the 
vessel within hours of the initial treatment, and often occurs 
in patients who have recently suffered acute myocardial 
infarction. Abrupt closure often results from either an 
intimal dissection or from rapid thrombus formation, which 
occurs, in response to injury of the vascular wall from the 
initial angioplasty procedure. Restenosis refers to a re- 
narrowing of the artery over the weeks or months following an 
initially apparently successful angioplasty procedure. 
Restenosis occurs in up to 50% of all angioplasty patients and 
results at least in part from smooth muscle cell proliferation 
and migration. 
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Many different strategies have been proposed to 
ameliorate abrupt closure and reduce the rate of restenoses. 
Of particular interest to the present invent.cn, the 
^plantation of vascular stents following angioplast ha. 
oecome widespread. Stents are thin-walled tubular sea folds 
which are expanded in the arterial lumen following ; the 
angioplasty procedure. Most commonly, the stent. . are fo-ed 
from a malleable material, such as stainless 
expanded in situ using a balloon. Alternatively, th stents 
ma y be formed from a shape memory alloy or other elastic 
Uterial, in which case they are allowed to ^f-expand the 

-r^ n 4»-hpr rase, the stent aces at? 
angioplasty treatment site. In either case, 

. <w rh P arterv wall, inhibiting abrupt 
a mechanical support for the artery wai 

closure and reducing the restenosis rate as compared to PTC A. 

While stents have been very successful in inhibiting 
abrupt closure and reasonably successful in inhibiting 
restenosis, a significant portion of the treated ^ 
population still experiences )Z\"££l 
structures comprise an open lattice, typically i 
spiral pattern, and cell proliferation (also referred to as 
intimal hyperplasia, can intrude through the 
between th, support elements of the lattice. As * 
instead of forming a barrier to hyperplasia and -"S; 
the stent can become embedded within an accumulated mass of 
throws and tissue growth, and the treatment site once again 
becomes occlude^ ^ ^ ^ 

previously stented regions of the coronary and other arteries 

have included both follow-up balloon angioplasty and 

directional atherectomy, e.g. using the Simpson 

atherectomy catheter available from Guidant Corporation, Santa 

Clara, CA. Neither approach has been wholly successful 

Balloon angioplasty can temporariiy open the «« Ol- - 

but rarely provides long-term patency. Directiona atherectomy 

can successfully debulk the lumen within the stent, but 

typically does not fully restore the stented lumen to its 

obvious diameter because the catheter removes the 

material in an asymmetric pattern. Moreover, it has seen found 
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that the atherectomy cutting blades can damage the implanted 
stent. Such adverse effects were reported by Bowerman et al . 
in Disruption of a coronary stent during atherectomy for 
restenosis in the December 1991 issue of Catheterization and 
Cardiovascular Diagnosis and by Meyer et al . in Stent wire 
cutting during coronary directional atherectomy in the May 
1993 issue of Clinical Cardiology. The possibility of such 
adverse outcomes is likely to limit the application of 
atherectomy as a treatment for stent restenosis and will 
probably result in more tentative use of the atherectomy 
cutter within the stented region when it is applied, leading 
to less complete removal of the stenosis. 

For these reasons, it would be desirable to provide 
improved apparatus and methods for restoring and maintaining 
an open passage in blood vessels and other body conduits. More 
particularly, it would be desirable to provide a vascular 
stent for maintaining an open blood flow lumen in a blood 
vessel which inhibits restenosis within the stented region and 
which facilitates methods for treating restenosis within the 
stented region. The process of inhibiting or treating 
restenosis within the stent may be performed automatically by 
a mechanism within the stent or the process may be initiated 
by an extracorporeal activation means or, alternatively, the 
process may be performed by using catheter-based, minimally 
invasive techniques for removing stenotic material from within 
the stented region. 

2 . Description of the Background Art 

Although a great deal of attention and effort has 
been focused on the problem of in-stent restenosis very few 
workable solutions have actually been proposed. One proposed 
solution is the use of intravascular radiation therapy at the 
stented site to inhibit smooth muscle cell proliferation and 
to reduce the incidence of in-stent restenosis. Examples of 
this approach include U.S. patents 5,059,166, and 5,545,569. 
Systems for applying intravascular radiation treatment can be 
divided into two general categories: a) catheter or guidewire 
based treatment systems for delivering a radioisotope to the 
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j «H inactive stents impianteu 
region; and b) radioacti stente d region. 

Radioisotopes use i both ^ ^ uhich have the 

include gamma emitters, su ra dioactive 

proP a r tus o£ high 32 and 

half-life, and beta emitters, such 

Scrontium .0. which have the property o low 

aB o _ shorter radioactive half me- 
penetration and a .tort > „ therapy £o r 

initial testing of intrsvascui ising , no one 

eduction of in-stent >^ £ / dversa e££ ects of 

k nows what the long-term benef or t ^ ^ ^ 

th , radiation treatment^ ^J^^,^ trea[m ent is not 
optimistic scenarios, intrevascul „ stenosis . This 

netted to ^i^zz:^::^ - ****** 

rT^Z are TJLs of handUng radioactive 

r:::Zs X° - * t "0™ r 

• „ fo this experimental approach, 
alternatives to this exp desc ribed in U.S. 

Another proposed *™ „ ech anical. heat or 

patent 5,073,736 wherein energy, such ^ 
radio f regency energy, is ««"«"?"?Jf ^ grovlth o£ 
Ranted in a hollow body duct to inh b t the g 
tissue through the interstices of the 

.ascribes the use of this ^ dtotl lymphatic 

ducts , -Piratory Pass, s pancre^ ^ ^ ^ ^ ^ 

ducts, and the like. It applying energy 

approach -f-^J^^ Z be enough to also 
, — such as coagulation of the blood 

in the vicinity of the stent application of 

vet ^^«^^^•^ h lbl ." ultraviolet 
light energy, either m the area fcQ 

. region, to *^ — * of the 

5 inhibit the growth of tissue thr g photo dynamic 
stent. This approach, sometimes referred 

m3 v be used independently or as an adjunct to 
therapy, may be usea . apDr oach are 

angioplasty and stenting. Examples of this P. 
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described in U.S. patents 5,454,794, 5,441,497, 5 ; 422,362, 
5,419,760, and 5,298,018. Although research is ongoing, 
photodynamic therapy has not yet proven itself to be effective 
for prevention of in-stent restenosis. 

The disclosures of each of the patents referenced 
above are incorporated herein by reference in their entirety. 
Each of the approaches represented by these patents has 
potential drawbacks and none of these experimental approaches 
has yet been proven to be completely effective for prevention 
of in-stent restenosis. Consequently, it remains highly 
desirable to identify and develop a successful treatment for 
atherosclerosis that will prevent the problem of in-stent 
restenosis . 

SUMMARY OF THE INVENTION 
The present invention provides apparatus and methods 
for restoring and maintaining an open passage or lumen in a 
body conduit, such as a blood vessel or other body passage, 
which has become stenosed or occluded. The present invention 
is particularly intended for inhibiting restenosis within a 
treated blood vessel which could result from ingrowth or 
accumulation of cellular, thrombotic, and other material 
within the lumen of the blood vessel. The apparatus of the 
present invention includes a stent which is specially adapted 
for inhibiting restenosis within the stent after implantation 
in a body passage. In a preferred embodiment, the stent 
includes a frame with passages through the frame and a 
component which is movable relative to the frame to remove 
stenotic material intruding through the passages. In various 
embodiments of the invention, the apparatus also includes a 
catheter or other device for operating the stent to inhibit 
restenosis within the stented region of the body passage. 

Methods according to the present invention comprise 
implanting the stent within a body passage, typically a blood 
vessel such as a coronary artery or other artery, which has 
become stenosed or occluded, and operating the stent to 
inhibit ingrowth of stenotic material which would result in 
restenosis of the stented region. In a preferred method, a 
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component on Che scene is moved relative to ^"J 1 
scene to remove stenotic materia! inerudin h ^ 
passages of the stent. The stent ^ ^P«f ed ^ J^. 
inhibit or remove ingrowth o£ scenotic 
by in croducing a catheter wh.ch acts on the stent 
scent may operate automatically to inhibit or re 
o£ stenotic material without manual J;""™^ invention . 
In a first illustrative embodiment oE tne 

- ~>~ ' Te'r layer^n 1"'. ST 

ended cylinder hav.ng an outer laye and ^ „ 

stent is deployable from a sm.ll drameter P ^ ^ 

. larger diameter. " ^ me ^ 3 3eparat ed by 

interstices, ine sujjy^ , ■ or cutting 

mav be formed of wire or may be formed by slotting 

may be formed o des ired pattern of support 

a tubular member to create a desired p 

.embers and interstices. The pattern of th inner 

layers may be the same or different. The inner layer 

r ab le within the outer layer, by translation and/ 

nation. When the inner layer is mov ^ ^ 

layer, the support members of the inner y 

openings of the outer layer, and vice versa, 

of wiper action which removes stenotic mater a L xntrudxng 

through the openings of the inner and ^« of 

wiper action is performed at regular intervals i g 

• i „m be held to a minimum and any particle* 
stenotic material will be held 

created by the cleaning action of the stent wil 

■ zzzz To = r.^r.rr i. T 

STS ~ layer of the stent „ be made in^ 

— TVTZ™ tZTtl "ill also comprise a 
. ran'/rri: the Let layer with respect to the outer 

— ~£ I! r.ronlfThrfLIrlmbodiment the means 
£or moving the inner layer with respect to the outer layer 
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comprises a catheter for engaging the inner and the outer 
layers and moving them with respect to one another by 
translation and/or rotation. In other variations of the first 
embodiment the means for moving the inner layer with respect 
to the outer layer comprises one or more actuation members 
incorporated into the stent. The actuation members may be 
activated by temperature, pressure or flow to move the inner 
and the outer layers with respect to one another by 
translation and/or rotation. 

In a second illustrative embodiment of the 
invention, the apparatus includes a stent in the shape of a 
hollow, open-ended cylinder having a self -cleaning mechanism 
incorporated into the wall of the stent. The stent is 
deployable from a small diameter, compressed state to a larger 
diameter, expanded state. The self -cleaning mechanism of the 
stent generally includes one or more wiper members, which in 
some embodiments may also serve as support members of the 
stent. When activated, the wiper members move over the 
openings between the support members of the stent to inhibit 
or remove ingrowth of stenotic material within the stent. The 
wiper members may be activated to move by sonic or ultrasonic 
energy, electrical energy, temperature or pressure. 

In a third illustrative embodiment of the invention, 
the apparatus includes a stent in the shape of a hollow, open- 
ended cylinder having an outer layer and a removable inner 
layer. The stent is deployable from a small diameter, 
compressed state to a larger diameter, expanded state. The 
outer layer comprises a matrix of support members separated by 
openings or interstices. The removable inner layer is 
coextensive with the outer layer and is preferably made of a 
microporous or impermeable material which will serve as an 
effective barrier to ingrowth of stenotic material. 
Additionally or alternatively, the inner layer may contain an 
antimitotic agent to stop smooth cell proliferation. The 
apparatus also comprises a retrieval catheter device for 
removing and retrieving the removable inner layer after 
implantation of the stent. 
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in a fourth illustrative embodiment of the 

Che stent. The stent is d.ployable from a small d«-» 

compressed state to a larger diameter expanded 

ste nt has multiple ^ tneterTLe 

I feet, which are speoially shaped to ride n the slots or 
9r ooves of the rails. The feet guide the catheter 
longitudinally along the rails on the interior 

stenotic material from within the seen. » - 

the stent guide « £ ^tive removal of 

keep it centered within the stent 

stenotic material without damage to the stent or 

vessel walls surrounding the stent. inV ention may be 

Each illustrative embodiment of the invention y 
presented as a sterile kit containing a stent and a stent 
delivery catheter, mounted on a « "^^^ 

^rr-SZ ^.CLt- removal 
carter may be packaged together with the catheter kit or 
separately. 

BRIEF DESCRIPTION OF THE DRAWINGS 
PIG. 1 shows a first embodiment of the stent 
apparatus of the present invention having an outer layer and 
lovable inner layer in the expanded or deploy- sta e 

FIG. 2 shows the stent apparatus of FIG. 1 m tn 
S compressed^state.^ ^ ^ ^ of ^ 

1 with a catheter for actuating the stent. 
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FIG. 4 shows a variation of the stent apparatus of 
FIG. 1 with thermally activated shape memory material 
actuation members. 

FIG. 5 shows a variation of the stent apparatus of 
FIG. 1 with pressure activated actuation members. 

FIG. 6 shows a variation of the stent apparatus of 
FIG. 1 with a flow activated actuation member. 

FIG. 7 shows a variation of the stent apparatus of 
FIG. 1 with flow activated, actuation members. 

FIG. 8 shows another variation of the stent 
apparatus of FIG. 1 with flow activated actuation members. 

FIG. 9 shows a second embodiment of the stent 
apparatus of the present invention incorporating a self- 
cleaning mechanism in the expanded or deployed state. 

FIG. 10 shows the stent apparatus of FIG. 9 in the 
compressed state. 

FIG. 11 is a magnified view of a first variation of 
the stent apparatus of FIG. 9. 

FIG. 12 is a magnified view of a second variation of 
the stent apparatus of FIG. 9. 

FIG. 13 is a magnified view of a third variation of 
the stent apparatus of FIG. 9. 

FIG. 14 is a magnified view of a fourth variation of 
the stent apparatus of FIG. 9. 

FIG. 15 shows a third embodiment of the stent 
apparatus of the present invention having an outer layer and a 
removable inner layer in the expanded or deployed state. 

FIG. 16 shows the stent apparatus of FIG. 15 with a 
catheter for removing the inner layer of the stent. 

FIG. 17 shows the stent apparatus and catheter of 
FIG. 16 after removing the inner layer of the stent. 

FIGS. 18, 19 and 20 are a series of drawings 
illustrating the optional method steps of replacing the 
removable inner layer of the stent apparatus of FIG. 15. 

FIGS. 21, 22 and 23 show a variation of the stent 
apparatus of FIG. 15 with another variant of a catheter for 
removing the inner layer of the stent. 
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PXG 24 shows another variant of a 
I npr layer of the stent apparatus of FIG. 15. 
removing the inner layer or of a catheter for 

FIG. 25 shows another variant or 

mer laver of the stent apparatus of FIG. 15. 
removing the inner layer vari __ t of a catheter for 

FIG. 26 shows another variant or a 
5 I nner layer of the stent apparatus of FIG. 15. 

removing ^ 29 show . variation of the stent 

f FIG 15 with another variant of a catheter for 
apparatus of FIG. is wxu 

amoving the inner layer of the ster , ^ 

r™ r h :;:rant - . - 

apparatus of FIG. " 

reaving the inner layer of the sten . ste „ 

FIGS . 32 and 33 show a varratron £or 

for removing stenotic material an end 

view, respectively, ui. 

" GS - 34 ~ "» iUustrates a hit to the 

catheter, a paohage and instructrons for use 
25 present invention. 

DES CRIPTI0 N OF THE PREFERRED 
„ GS 1 and 2 show a first embodiment of the 
,L present invention. The apparatus courses a 
apparatus of the present ^ layer 10 

30 stent 100 havmg a ou « « „ have t he general 

Preferably, the stent 100 i ^ lume „ 

ahape of a hollow £ _ . compre ssed state to an 

106. The stent 100 is depi y he compre ssed state, 
. sanded stat. ^» ^TSJ » -estate 

» as shown in FIG _ 2 J* o£ the sten r 100 to the 

perc utaneous and t anslu ^ ^ ^ ^ 

stenting site. In tne e f t sup port the walls 

100 has an enlarged diameter whicn serves 
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of the body vessel into which the stent 100 is implanted in 
order to keep the vessel lumen open, as shown in FIG. 1. For 
use in coronary arteries, the stent 100 preferably has an 
expanded diameter from approximately 2 mm to 5 mm. For use in 
peripheral arteries, the stent 100 may have an expanded 
diameter from approximately 4 mm to 10 mm. For use in other 
body passages, the stent 100 should be adapted to have an 
expanded diameter approximately matching the desired luminal 
diameter of the body passage. The length of the stent 100 is 
highly variable. For use in coronary arteries, the stent 100 
preferably has a length from approximately 10 mm to 60 mm. For 
use in peripheral arteries and other body passages, the stent 
100 may be made considerably longer, if required. The stent 
100 may be deployed by mechanical expansion means, such as by 
expanding an angioplasty balloon or other mechanical device 
within the lumen 106 of the stent 100. Alternatively, the 
stent 100 may be self -deploying, for example by elastic 
expansion or shape-memory expansion of the stent 100. 

In the deployed state, the outer layer 102 of the 
stent 100 defines a first cylinder of a first diameter 
constituted by a frame incorporating a matrix of support 
members 108 separated by openings or interstices 110. The 
support members 108 may be formed of wire or may be formed by 
slotting or cutting a tubular member to create a desired 
pattern of support members 108 and interstices 110. The inner 
layer 104 defines a second cylinder with a slightly smaller 
diameter and concentric with the first cylinder of the outer 
layer 102, which is also constituted by a matrix of support 
members 112 separated by openings or interstices 114. The 
support members 112 of the inner layer 104 may also be formed 
of wire or may be formed by slotting or cutting a tubular 
member to create a desired pattern of support members 112 and 
interstices 114. The pattern of the inner layer 104 may be the 
same or different from the pattern of the outer layer 102. For 
example, it may be desirable under some circumstances to make 
the outer layer 102 of the stent 100 with a fine mesh of 
support members 108 and interstices 110 to provide optimum 
support for the arterial walls, while the inner layer 104 may 
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have . coarser pattern with fewer support — - 1« end 
larger interstices 114, or v 1C e versa^ ^ 

The inner layer 104 is movable with re p 
oncer layer 10, h y translating Z er 104 

lay er 104 within the outer layer 1.2 ■ 112 
ls moved within the outer layer 102. the supp 
oE the inner layer 104 move past the oper ung 10° 
la yer 102. and vice versa, «- t ™ i ^^ 0 J tha openings 
uhi ch removes stenotic materia! in trading th ^ ^ 
o£ the inner and outer layers. IE this w P 
performed at regular ^ / ^ by the 

uill b e held to a minimum -d - ^ ^ „ „ 

cleaning action of th »«f o£ embolizati on. To provide 

not present any significant ^« ^ 
a nexible stent, the inner layer „ « ed 

102 ° £ ^.X^S c Ifctors. in a preferred 

together end-to-end by inve „tion will also 

embodiment, the apparatus of the P rese ct 
comprise a means for moving the inner layer 10 ^ 

to the outer layer 102, which ^^ L ^L™ <* 
PIG 3 shows an embodiment ot tne *vv 
■ l'l the stent 100 comprises an outer layer 102 
1 and 2 in which the stent tr for 

-i «v in4 as described above, ana 
and an inner layer 104, as oes ^ iQ2 

mov.ng the includes a first 

comprises a catheter 120. in enga ging the outer 

m K=-r- 116 having means 118 tor euyay ^ 
elongated member 116, navi y hav ing means 124 

lay er 102, and a second — memb ^ ^ ^ 
for engaging the inner layer 104. d member 116 

122 is movable with respect o th^« iaygr ^ 4- 

0 by translation and/or , ^ 

moV able with aspect to th ou te ^ ^ 

stent 100 with the catheter elongated 
elongated member 122 with respect to the first 

me mber 116. ^ Qf its componenCS m ay take 

•Ii firms By way of example, the catheter 120 of 
many possible forms. By way v ^ 

m . 3 is configured with an outer tub «• ^ ^ 
first elongated member 116. The oute 
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snare, grasper or other means 118 for engaging the outer layer 
102 of the stent 100. Within the outer tube 116 is a movable 
inner wire, cable or tube that serves as the second elongated 
member 122. The inner wire 122 has a hook, snare, grasper or 
other means 124 for engaging the inner layer 104 of the stent 
100. When it is necessary to clear an implanted stent 100 of 
stenotic ingrowth, the catheter 120 is introduced 
percutaneously and advanced intraluminally to the site of the 
stent 100. The outer tube 116 of the catheter 120 grasps or 
engages the outer layer 102 of the stent 100 and the inner 
wire 122 engages the inner layer 104 of the stent 100. Then, 
the inner wire 122 is moved within the outer tube 116 by 
translation and/or rotation to translate and/or rotate the 
inner layer 104 of the stent 100 with respect to the outer 
layer 102, in the process, removing any ingrowth of stenotic 
material intruding through the openings of the stent 100. 

If the stent 100 is intended for actuation by axially or 
longitudinally translating the inner layer 104 of the stent 
100 with respect to the outer layer 102, then, preferably, the 
inner layer 104 is made slightly shorter in length than the 
outer layer 102 so that the inner layer 104 can move axially 
within the confines of the outer layer 102 so that the 
surrounding unstented native arterial walls are not disturbed 
or abraded by the cleaning action of the stent 100. If the 
pattern of support members 108 and interstices 110 within the 
stent 100 has repeating units, then the difference in length 
between the inner layer 104 and the outer layer 102 will, by 
preference, be equivalent to the length of at least one 
repeating unit in order to assure an effective wiping action 
between the inner layer 104 and the outer layer 102 of the 
stent 100. This attribute is shown somewhat exaggerated in 
FIG. 3 for the purposes of illustration. 

FIG. 4 shows an embodiment of the apparatus of 
FIGS. 1 and 2 in which the stent 100 comprises an outer layer 
102 and an inner layer 104, and the means for moving the inner 
layer 104 with respect to the outer layer 102 comprises at 
least one actuation member 130, 132. In this illustrative 
example, the stent 100 is shown as having eight actuation 
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while 132 the actuation members 132 on a second end 136 of the 
stent 100 contract in response to a rise in temperature and 
expand in response to a- drop in temperature. Thus, when the 
stent 100 is heated, the inner layer 104 will be urged to move 
in a direction from the first end 134 toward the second end 
136 of the stent 100, and when the stent 100 is cooled, the 
inner layer 104 will be urged to move in the opposite 
direction from the second end 136 toward the first end 134 of 
the stent 100. Ingrowth of stenotic material intruding through 
the openings of the stent 100 can be kept to a minimum by 
periodically cycling the temperature of the implanted stent 
100 to induce a self -cleaning action. 

FIG. 5 shows an embodiment of the apparatus of FIGS. 
1 and 2 in which the stent 100 comprises an outer layer 102 
and an inner layer 104, and the means for moving the inner 
layer 104 with respect to the outer layer 102 comprises at 
least one pressure activated actuation member 140, 142. In 
this illustrative example, the stent 100 is shown as having 
eight pressure activated actuation members 140, 142 linking 
the ends of the inner layer 104 with the respective ends of 
the outer layer 102 of the stent 100. The actuation members 
140, 142 are configured to change their shape and/or 
dimensions in response to a change in the environmental 
pressure surrounding the stent 100 and thus to move the inner 
layer 104 of the stent 100 with respect to the outer layer 
102. 

The pressure activated actuation members 140, 142 
may be made in a number of different configurations. For 
example, the actuation members 140, 142 may be made in the 
configuration of miniature sealed -Bourdon tubes linking the 
inner layer 104 to the outer layer 102 of the stent 100, as 
shown in FIG. 5. The Bourdon tubes 140, 142 have a curvature 
which tends to increase or decrease in proportion to the 
differential pressure between the outside of the tube and the 
inside of the tube. Other possible configurations for the 
pressure activated actuation members 140, 142 include sealed 
bellows, which expand and contract in response to changes in 
environmental pressure, or miniature cylinders with pistons 
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activated actuation members 140 , 142 ^ 
actuated by normal fluctuations in blood c 
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multiplicity of particles 602 are located in the annular space 
604 between the inner layer 104 and the outer layer 102. The 
particles 602 may be bonded to the inner layer 104 or they may 
be freely moving within the annular space 604. The particles 
602 may be smoothly rounded or they may be rough abrasive 
particles. Fluid flow through the lumen 106 of the stent 100 
urges the inner layer 104 and/or the particles 602 to move 
with respect to the outer layer 102. Abrasion between the 
particles 602 and the outer layer 102 removes any ingrowth of 
stenotic material intruding through the openings of the stent 
100. 

FIG. 8 shows a variation of the embodiment of FIG. 7 
in which the moving particles are spherical particles 606 that 
are constrained to move within predetermined pathways 608 
formed in the annular space 610 between the inner layer 104 
and the outer layer 102 of the stent 100. The pathways 608 in 
the annular space 610 between the inner layer 104 and the 
outer layer 102 may be formed circumf erent ially , 
longitudinally, diagonally or in a complex pattern, e.g. in a 
serpentine path, with respect to the stent 100. 

FIGS. 9 and 10 show a second embodiment of the 
apparatus of the present invention. The apparatus comprises a 
stent 150 having a self -cleaning mechanism incorporated into 
the wall 158 of the stent 150. The stent 150 is configured to 
have the general shape of a hollow, open-ended cylinder with 
an internal lumen 156. The stent 150 is deployable from a 
compressed state to an expanded state. When the stent 150 is 
in the compressed state, as shown in FIG. 10, it has a reduced 
diameter to facilitate percutaneous and transluminal delivery 
of the stent 150 to the stenting site. In the expanded or 
deployed state, the stent 150 has an enlarged diameter which 
serves to support the walls of the body vessel into which the 
stent 150 is implanted in order to keep the vessel lumen open, 
as shown in FIG. 9. For use in coronary arteries, the stent 
150 preferably has an expanded diameter from approximately 2 
mm to 5 mm. For use in peripheral arteries, the stent 150 may 
have an expanded diameter from approximately 4 mm to 10 mm. 
For use in other body passages, the stent 150 should be 
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support members 162 may be formed from a single continuous 
piece of wire or they may be formed from a number of wire 
segments, which are then joined together. The undulating or 
zigzag wire support members 162 cross or overlap one another 
somewhat at a number of overlapping locations 168. In at least 
some of the overlapping locations 168 the wire support members 
162 are not attached to one another, but are free to slide 
over one another. In alternate embodiments, the undulating 
wire support members 162 may be configured as mutually 
slidable, overlapping scales or other constructions to arrive 
at a similar geometry. 

The wire support members 162 can be stimulated to 
move and/or change shape in response to a number of different 
stimuli. For example, the wire support members 162 can be 
excited by sonic or ultrasonic waves, which stimulates the 
wire support members 162 to vibrate which create a scrubbing 
action to remove deposits and/or new growth on the wire 
support members 162 and in the interstices 164 between them. 
Alternatively, the wire support members 162 can be stimulated 
to move by piezoelectric displacement or vibration transducers 
incorporated into the stent. The piezoelectric transducers can 
be activated by direct electrical connections to the stent or 
by inductive coupling to an implanted circuit by an 
extracorporeal or transesophageally placed voltage signal 
source . 

As another alternative, some or all of the wire 
support members 162 may be fabricated of a thermally activated 
shape memory material, such as a nickel/titanium shape memory 
alloy or a thermally activated bimetallic strip, which changes 
its shape and/or dimensions in response to a change in 
temperature. Thus, the wire support members 162 can be 
actuated to perform a wiping action across the interstices 164 
of the stent wall 160 by cycling the temperature of the 
implanted stent in situ. This wiping action of the wire 
support members 162 can also be actuated barometrically by 
incorporating pressure activated actuation members into the 
structure of the stent. 



PCT/US98/26374 

WO 99/30641 



20 



FIGS 12 and 13 show enlarged views of other 
exemplary embodiments of the stent apparatus 150 of FIGS 9 
and 10 in these examples, the wall 170 of the stent xs formed 
by slotting and expanding a tubular member to form a pattern 
of support members 172 separated by openings or xnterst ces 
14 Within each opening 174 of the stent wall 170 xs at least 
He wiper me^er 178. The wiper members 178 may be attached to 
the stent wall 170 at both ends, as in the example of FIG_ 12. 
Alternatively, the wiper members 173 may be attached to the 
stent wall 170 at only one end and may operate sxngly « » 
pairs, as in the example of FIG. 13. The wxper members 178 
be controlled or actuated to move and/or change shape to 
create a wiping action across the openxngs!74 of 
wall 170. in one preferred embodiment, the wiper members 178 
are fabricated of a thermally activated shape memory material, 
such as a nickel/titanium shape memory alloy or a thermally 
activated bimetallic strip, which changes its ^«* / « 
dimensions in response to a change in temperature. Thus, he 
wiper members 178 can be actuated to perform a wxpxng actxon 
across the xnterstices 174 of the stent wall 170 by eye ,3 
the temperature of the implanted stent in sxtu by any of the 
lethods discussed above. This wiping action 
any ingrowth of stenotic material intruding through the 
o D eninqsl74 of the stent wall 170. 

FIG 14 shows an enlarged view of another exemplary 

embodiment of the stent apparatus 150 of FIOS 

this example, the wall 180 of the stent xs made up of a series 
of support members 182 separated by openings or xnterstxees 
184 The support members 182 may be formed of wire or may be 
formed by slotting or cutting a tubular member to create a 
desired pattern of support members 182 and «*«»tic.-184 
Within each opening 184 of the stent wall 180 xs a tunxng for* 

fork 190 are manufactured to vibrate at a desired harmonxc 
frequency which may be in the sonic or ultrasonic range. The 
tuning fork 190 can be stimulated to vibrate by applyxng sonxc 
or ultrasonic waves to the implanted stent transcutaneous^ or 
intraluminal^. Because there will be some variatxon of the 



WO 99/30641 



PCT/US98/26374 



21 

harmonic frequency of the tuning forks 190 due to 
manufacturing variances and some damping of the harmonic 
frequency due to deposits or growth of tissue on the arms 186, 
188 of the tuning forks 190, a frequency sweep should be 
5 applied to the stent to activate each of the tuning forks 190 
to vibrate. Low amplitude vibrations of the tuning fork 190 
will remove deposits and/or new growth of stenotic material on 
the arms 186, 188 of the tuning forks 190 and the support 
members 182 of the stent wall 180 to which they are connected. 
10 Higher amplitude vibrations of the tuning fork 190 will cause 
enough motion of the arms 186, 188 to create a wiping action 
to remove deposits and/or new growth of stenotic material 
intruding through the openings 184 of the stent wall 180 as 
well . 

15 Alternatively, the tuning fork 190 can be stimulated 

to vibrate by piezoelectric vibration transducers incorporated 
into the stent. The piezoelectric vibration transducers can be 
activated by direct electrical connections to the stent or by 
inductive coupling to an external voltage signal source. 

20 FIGS. 15-20 show another embodiment of the apparatus 

of the present invention. The apparatus comprises a stent 200 
having an outer layer 202 and a removable inner layer 204, as 
shown in FIG. 15. The stent 200 is configured to have the 
general shape of a hollow, open-ended cylinder with an 

25 internal lumen 206. The stent 200 is deployable from a small 
diameter, compressed state to a larger diameter, expanded 
state. For use in coronary arteries or vein grafts, the stent 
200 preferably has an expanded diameter from approximately 
2 mm to 5 mm. For use in peripheral arteries, the stent 200 

30 may have an expanded diameter from approximately 4 mm to 

20 mm. For use in other body passages, the stent 200 should be 
adapted to have an expanded diameter approximately matching 
the desired luminal diameter of the body passage. The length 
of the stent 200 is highly variable. For use in coronary 

35 arteries, the stent 200 preferably has a length from 

approximately 20 mm to 60 mm. For use in peripheral arteries 
and other body passages, the stent 200 may be made 
considerably longer, if required. The stent 200 may be 
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deployed by mechanical expansion means, such as by expanding 
an angioplasty balloon or other mechanical device within the 
lumen 206 of the stent 200. Alternatively, the stent 200 may 
be self-deoloying, for example by elastic expansion or snape- 

- Y a p re f er ably, the outer layer 

memory expansion of the stent ^uu 

202 and the removable inner layer 204 of the stent 20 are 
deployed in the body passage simultaneously on a single 
delivery catheter. Alternatively, the outer layer 202 and the 
removable inner layer 204 may be deployed sequentially on the 
same or separate delivery catheters. 

in a preferred embodiment, the outer layer 202 of 
the stent 200 comprises a matrix of support members 208 
separated by openings or interstices 210. The support members 
208 may be formed of wire or may be formed by slotting or 
cutting a tubular member to create a desired pattern of 
support members 208 and interstices 210. The removable inner 
layer 204 is coextensive with the outer layer 202 and is 
preferably made of a microporous or impermeable material which 
will serve as an effective barrier to ingrowth of stenot 
material through the interstices 210 of the outer ^ 2 ^ 
The removable inner layer 204 may be bonded to the outer layer 
202 with a non-permanent adhesive, particularly if the inner 

ayer 204 is made of a flaccid material which will not : be self 
supporting. To be effective as a barrier to ingrowth the inner 
layer 204 must be relatively impermeable. Additionally or 
alternatively, the inner layer 204 may contain an ™°- C 
agent to stop smooth cell proliferation. However, it may be 
detri-ntal to leave such an impermeable or bioactive liner in 
place long term. Therefore, it would be desire be able to 
remove the inner liner after the likelihood of restenosis has 
diminished. 

Consequently, in a preferred embodiment, the 
apparatus of the present invention will also comprise a means 
for removing and retrieving the removable inner layer 204 
after implantation of the stent 200. The means for removing 
and retrieving the removable inner layer 204 may take one of 
several forms. In FIGS . 16 and 17 show a catheter 220 with a 
snare or grasper 222 for removing and retrieving the removable 
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inner layer 204 of the stent 200. The catheter 220 has an 
elongated shaft 224 which is advanced through the vasculature 
to the site of the implanted stent 200. The distal end 226 of 
the shaft 224 is used to separate the removable inner layer 
204 from the outer layer 202 of the stent 200, as shown in 
FIG. 16. The distal end 226 of the shaft 224 may be blunt or 
tapered or spatula shaped or a coaxial guidewire may be 
employed to aid in separating the inner layer 204 from the 
outer layer 202. Then, the snare or grasper 222 is used to 
capture the separated inner layer 204 and draw it into the 
outer tube 228 of the catheter 220, as shown in FIG. 17. 

If it is felt that the likelihood of restenosis has 
not sufficiently diminished, a new inner layer 212 may be 
applied inside the outer layer 202 of the stent 200, according 
to the sequence of steps shown in FIGS. 18-20. To accomplish 
this, a dilatation catheter 214 having a new inner lawyer 212 
mounted over the dilatation balloon 216 is advanced through 
the vasculature to the site of the implanted stent 200, as 
shown in FIG. 18. The dilatation balloon 216 is inflated to 
expand the new inner layer 212, as shown in FIG. 19. The new 
inner layer 212 will preferably have support members to hold 
it in place within the outer layer 202 once expanded. 
Alternatively, a non-permanent adhesive may be used to bond 
the new inner layer 212 in place, particularly if the new 
inner layer 212 is also made of a flaccid material which will 
not be self supporting. Afterward, the dilatation balloon 216 
is deflated and the catheter 214 is withdrawn, leaving the new 
inner layer 212 in place, as shown in FIG. 20. 

FIGS. 21-23 show another catheter 230 for removing 
and retrieving the removable inner layer 204 of the stent 200. 
The catheter 230 has an elongated shaft 232 that ends in two 
rods 234, 236. Preferably, at least one of the rods 234 has 
fluid flow orifices 238 in the distal end and/or the side of 
the rod 234. The catheter 230 is advanced through the 
vasculature to the site of the implanted stent 200, as shown 
in FIG. 21. One of the rods 234 is used to separate the 
removable inner layer 204 from the outer layer 202 of the 
stent 200. Fluid infused through the fluid flow orifices 238 
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may be used to help separate the r^ovable 
from the outer layer 202, as shown in FIG 22 

230 is then rotated to wrap the removable inner layer 204 
230 is then r ^ 23 Vacuum 

removable inner layer 204 as 

PaSSa96 ' FIGS . 24-26 show three alternative catheters tor 
reding and retrieving the removable inner layer 20, from the 
stent 200 FIG. 24 shows a aide view of a vacuum grasper 

catheter 240 can be used for removing the inner layer 204 of 

h tent " intact or aspirating it in pieces . FIG . 2 5 shows 
fsrde View Of a — ^thet » 
r^T^S-SJT- The distal portion of the 
C c heter shaft 252 has an elongated vacuum aspiratron po 

25a which is flanked by a scraper or cutter 260. The scrap 
C nave a row of multiple scraping teeth 26. Oppose 

th e vacuum aspiration port 258 and the scraper 2 ^ . 

oca which mav be an mflataDie uaxxw 

biasing means 264, wnicn may hiasinq 

to . .natation balloon or a — ^scent 

2 " " Z *~:Z 0 a n« the inner surface of the 
200 to press the scraper zou y ; nn ~ r 
scent 200. The catheter 260 is rotated to scrape the rnner 

r = =:r,:;r;:: ttssgsp 

is aspirated into the vacuum aspiration port 258. PIG^ 26 
shows an end view of a similar catheter 270 except that this 

catheter has two opposing cutters 272, 274 and two opposing 
catheter an expansion means 280, 

5 vacuum aspiration ports 2/e>, 

such as an inflatable balloon or a mechanrcal expander. 

be ween them. The catheter 270 may also include a gurdew re 

lien 2S2 for introducing the catheter 220 over a gurdew.re. 
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The expansion means 280 is used to expand the catheter 270 
within the stent 200 to press the cutters 272, 274 against the 
inner surface of the stent 200. The catheter 270 is rotated to 
scrape the inner layer 204 and/or stenotic material from 
within the stent 200. Then, the inner layer 204 and/or the 
stenotic material removed is aspirated into the vacuum 
aspiration ports 276, 278. Removal of the inner layer 204 of 
the stent 200 using any one of these catheters may be aided by 
cooling the inner layer 204 to a temperature below the glass 
transition temperature of the inner layer material to render 
it brittle and/or by applying ultrasonic energy to break up 
the inner layer 204. 

FIGS. 27-29 show another embodiment of the apparatus 
of the present invention comprising a stent 3 00 having an 
outer layer 302 and a removable inner layer 304, and a 
retrieval catheter 320 for removing and retrieving the 
removable inner layer 304 from the stent 300. The outer layer 
3 02 of the stent 3 00 comprises a matrix of support members 308 
separated by openings or interstices 310. The support members 
308 may be formed of wire or may be formed by slotting or 
cutting a tubular member to create a desired pattern of 
support members 308 and interstices 310. The removable inner 
layer 304 is coextensive with the outer layer 302 and is 
preferably made of a metallic or polymeric material or a 
composite of materials having shape memory properties. The 
shape memory properties of the removable inner layer 3 04 may 
be triggered by a change in temperature or by exposure to a 
particular chemical solution. To remove the inner layer 304 
from the implanted stent 300, the retrieval catheter 320 is 
advanced through the lumen 3 06 of the stent and a solution of 
hot or cold saline solution or a special chemical solution is 
infuse through the infusion ports 322 of the catheter 320. The 
infusate causes the removable inner layer 304 to shrink down 
around the shaft 324 of the catheter 320. Alternatively, the 
catheter 320 may include a heater, for example a resistive 
heater element or radiof requency heating element, to heat the 
removable inner layer 304 and cause the removable inner layer 
304 to shrink down around the shaft 324 of the catheter 320. A 
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326 or similar feature on the distal and of the catheter 

:rr 2 ; r aion g ^ . — r: ~ - — « 
r £ : r;;.r:re 1^1 «. 

FI GS. 30 and 31 show another embodiment of the 
apparatus of the present invention comprising , a stent 
h ILg an outer layer 33, and a removable inner 1 yer 3 
a retrieval catheter 350 for removing and retrieving 

m inner layer 334 from the stent 330. The outer layer 
removable inner layer 334 suppo rt members 338 

332 of the stent 330 comprise, a ma t r » o » 
ponarare d hv openings or interstices 
THy be ormed of wire or may be formed by slotting or 
rttin y g a tubular member to create a desire = f 
support members 338 and interstices 340 The remo 
la yer 334 is coextensive with the outer ^ 2 -d 

, „ f a flexible polymeric material or 
preferably made of a flexiDie y 

„ The removable inner layer 334 has 

composite material. The removal distal 

„ated into »^J^ZT~~« the 

- ltd : s, ^.- r - - — itd 

The proxima! purse string 342 the dista p 
the pull cord 346 may be made of or o 

When it is desired to remove the inner laye 
f 330 the retrieval catheter 380 is advanced through 
the stent 330, U-r.tr ^ ^ ^ The 

* 12 wiTan elongated hoo, membei : 38. that 

, ;"r p un cord 346 into the tubular 

collapsing and closing off the ends of t 

lavpr 334 of the stent 330, as shown in FIG. 31. 

layer 334 or cn 33Q are 

5 350 and the collapsed inner layer 334 or 

then withdrawn from the patient's body. nrofth . 

FIGS 32 and 33 show another embodiment of the 
apparatus of the present invention comprising a stent 360 
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having an outer layer 362 and a removable inner layer 364, and 
a retrieval catheter 3 80 for removing and retrieving the 
removable inner layer 364 from the stent 360. The outer layer 
362 of the stent 360 comprises a matrix of support members 368 
separated by openings or interstices 370. The support members 
368 may be formed of wire or may be formed by slotting or 
cutting a tubular member to create a desired pattern of 
support members 368 and interstices 370. The removable inner 
layer 364 is coextensive with the outer layer 362 and is 
preferably made of a metallic or polymeric mesh, a polymeric 
film or a composite material which shrinks diametrically when 
elongated longitudinally. 

When it is desired to remove the inner layer 364 of 
the stent 360, the retrieval catheter 380 is advanced through 
the body passage to the site of the implanted stent 360. The 
proximal end 372 of the inner layer 364 is grasped with a 
first hook or grasper 382 on the shaft 388 of the catheter 380 
and the distal end 374 of the inner layer 364 is grasped with 
a second hook or grasper 384 located at the distal end of an 
extension member 386 that is slidable within the tubular 
catheter shaft 388, as shown in FIG. 32. Then, the removable 
inner layer 364 is elongated by extending the extension member 
386 distally from the catheter shaft 388, which collapses the 
inner layer 364 around the extension member 386, as shown in 
FIG. 33. The catheter 380 and the collapsed inner layer 364 of 
the stent 360 are then withdrawn from the patient's body. 

FIGS. 34-37 show another embodiment of the apparatus 
of the present invention. The apparatus comprises a stent 400 
which is specially adapted for facilitating removal of 
stenotic material from within the stent 400 and a catheter 420 
which is adapted for use with the stent 400. The stent 400 is 
configured to have the general shape of a hollow, open-ended 
cylinder with an internal lumen 406. The stent 400 is 
deployable from a small diameter, compressed state to a larger 
diameter, expanded state. For use in coronary arteries or vein 
grafts, the stent 400 preferably has an expanded diameter from 
approximately 2 mm to 5 mm. For use in peripheral arteries, 
the stent 4 00 may have an expanded diameter from approximately 
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9n mm For use in other body passages, the stent 400 
4 mm to 20 mm. For use ^ apprQximately 

— jr;;r™ » « - - - - -rr a ~ ries 

«o t-h#> stent 4 00 may be made 
a nri other body passages, the stent t 

and otner do y y —-uired The stent 400 may be 

considerably longer, if required. expa ndin g 
d eployed by mechanical expansion ^^^^ the 
an angioplasty balloon or other mechanical device 

„o C t-hP stent 400. Alternatively, the stent 
lumen 406 ° ^ " r example by elastic expansion or shape- 
be self -deploying, for example cy 

w expansion of the Ti::l - th ^ ieasc _ interna 

rall 40 , * . « * z - ™ y 

the waU 404 of the stent 400 or . . groove 4 ieasc 
part way through the wall 404 o£ the stent 400 rentlally 
one rail 402 may be arranged longitudinally, circumf 
rdia onaUy with respect to the stent 40. By-way 
example. PIC 34 shows a stent 400 with thre ral 
arranged longitudinally with respect to the ste 

catheter 420 is made with a life number of legs 422 

in feet 424, which are specially shaped to ride » 

c -v,o -rails 402 This is best seen in tne 

or grooves of the rails 402 T 42Q longitud inally 

r,f fig 35 The feet 424 guide the catheter 

HgVe rails 402 ^^^^ 

r fusil; :„: - r: - - 

> centered within the stent ^ , lines 430 , is 

„ h f rh is indicated generically by lines 
mechanism, which is maic* y maT - er ial removal 

attached to the catheter 420. The stenot c -1 ^ 

mechanism 430 can be a cutter a "rush an 
. ablation device, a vacuum aspiration device or a y 
s for removing stenotic --rial from - -™<t„in a 

; "icatlons OS/2,0,222 and 03/S5,. 6 S 9 . which are hereby 
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incorporated by reference in their entirety. The internal 
rails 402 of the stent 400 guide the stenotic material removal 
mechanism 430 and keep it centered within the stent 400 for 
effective removal of stenotic material without damage to the 
stent 400 or to the native vessel walls surrounding the stent 
400 . 

FIGS. 36 and 37 show a magnified view of an 
embodiment of an expandable stent 404 having alternating 
raised rails 406 and grooves 408. The stent wall 404 is made 
up of a multiplicity of bosses 412 which are interconnected by 
a network of expandable members 414. When the stent 404 is 
deployed, the expandable members 414 elongate, expanding the 
openings or interstices 410 within the wall 404 and allowing 
the stent 400 to expand in diameter. The bosses 412 are raised 
above the expandable members 414, creating a pattern of 
alternating raised rails 406 and grooves 408 longitudinally 
and circumf erentially around the stent 404, as seen in end 
view in FIG. 37. The feet 424 of the catheter 420 can be 
adapted to ride along the raised rails 406 or the grooves 408 
longitudinally and/or circumf erentially around the stent 404. 

Referring now to FIG. 38, a catheter kit according 
to the present invention comprises a stent 500 and a stent 
delivery catheter 502, commonly mounted on a board or in a 
tray 504, instructions for use (IFU) 506, and a pouch 508 or 
other conventional package. A retrieval catheter or a stenotic 
material removal catheter 510 may be packaged together with 
the catheter kit or separately. The instructions for use (IFU) 
506 are typically part of a separate sheet or booklet which, 
together with the stent 500 and a stent delivery catheter 502, 
is packaged within the pouch 508 or other packaging material. 
The packaging and its contents will preferably be sterile or 
sterilizable . The instructions for use (IFU) 506 will set 
forth method steps comprising the method (s) as described 
above . 

Although the method of the present invention has 
been described using the example of revascularizing restenosed 
coronary arteries, it should be noted that the methods and 
apparatus disclosed may be used for reopening any previously 
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reclosure. other body passages where these „et ^ 
apparatus -y appry include the per phe al «- ^ 
urinary tract, the digests tract and the 
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WHAT IS CLAIMED IS: 



1 1. A stent comprising: 

2 a frame adapted for implantation within a blood 

3 vessel, said frame having passages through which stenotic 

4 material can protrude; and 

5 a component on the stent which is movable relative 

6 to the frame to shear stenotic material protruding through the 

7 passages. 

1 2. The stent of claim 1, wherein the component is 

2 adapted to be engaged and moved by a catheter after 
1 implantation of the stent in a blood vessel. 

1 3. The stent of claim 1 or 2, wherein the component 

2 comprises a coaxial layer having passages aligned with those 

3 of the frame. 

1 4. The stent of claim 3, wherein the coaxial layer 

2 is translatable relative to the frame. 

1 5. The stent of claim 3, wherein the coaxial layer 

2 is axially translatable relative to the frame. 

1 6. The stent of claim 3, wherein the coaxial layer 

2 is removable relative to the frame. 

1 7. The stent of claim 1 or 2 , wherein the component 

2 comprises a wiper which engages an inner surface of the frame. 

1 8. The stent of claim 7, wherein the wiper is an 

2 elongated member which is mounted to circumf erentially sweep 

3 the inner surface of the frame. 

1 9. The stent of claim 7, wherein the wiper is a 

2 ring which is mounted to axially sweep the inner surface of 

3 the frame . 
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on the inner surface of the frame ana the wxp 
a path defined by the guide. 

xl Th e stent of claim 1 or 2 . wherein the 
component comprises a vibrational element. 

f ri.im 11 wherein the vibrational 
12 The stent of claim n, 
element comprises an ultrasonic transducer. 

13 . Apparatus for maintaining an open lumen in a 

body passage, C °^^ t membe rs defining a generally 

srenotio materia! trom within the openings of the 

14 . xh e apparatus of claim 13 *erein the stent is 
i d eployable £ rom a -11 ^meter compressed state 
j diameter expanded state. 

„ The apparatus of claim » ""etein the means for 

1 ■ m ,t,rial from within the openings of the 

2 removing stenotic «»"»* stent uhich is movable 

3 stent inclu aes an tnn 1 ye- ^ u 
with respect to the stent, fche 
removed from within the openings of the 
inner layer within the stent. 

c rlaiin 15 further comprising 
1«. The apparatus o £ <*«^ respect to 

m eans for moving the inner layer of the 



1 

2 

3 the stent. 



1. 
2 
3 
4 
5 



„. The apparatus of olaim 1, wherein the mean, >J« 

mo ving the inner layer of the stent » fnler 

= catheter for engaging tne stem- 
comprises a catheter a fche gCent 

layer of the stent and moving the inner lay 
with respect to the stent . 
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1 18. The apparatus of claim 16 wherein the means for 

2 moving the inner layer of the stent with respect to the stent 

3 comprises at least one thermally activated shape memory 

4 actuator linking the inner layer of the stent to the stent, 

5 the shape memory actuator being responsive to a temperature 

6 change . 

1 19. The apparatus of claim 16 wherein the means for 

2 moving the inner layer of. the stent with respect to the stent 

3 comprises at least one actuator linking the inner layer of the 

4 stent to the stent, the actuator being responsive to a 

5 pressure change. 

1 20'. The apparatus of claim 16 wherein the means for 

2 moving the inner layer of the stent with respect to the stent 

3 comprises a flow activated actuator for moving the inner layer 

4 of the stent with respect to the stent. 

1 21. The apparatus of claim 20 wherein the flow 

2 activated actuator comprises at least one flow activated 

3 turbine blade for rotating the inner layer of the stent with 

4 respect to the stent . 

1 22 . The apparatus of claim 13 wherein the means for 

2 removing stenotic material from within the openings of the 

3 stent includes at least one wiper means actuatable to remove 

4 stenotic material from within the openings of the stent by 

5 moving the wiper means with respect to the stent. 

1 23. The apparatus of claim 22 wherein the wiper 

2 means comprises a thermally activated shape memory material 

3 for moving the wiper means in response to a temperature 

4 change . 

1 24. The apparatus of claim 22 wherein the wiper 

2 means is actuatable by sound waves to move the wiper means 

3 with respect to the stent. 
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25 



n 4™ n whprein the means for 

25. The apparatus of claim 13 wherein 

removing scenes material from within ^Tell, 
stent includes a removable inner layer within the stent. 

26 . The apparatus of claim 25 wherein the removable 
inn er layer has barrier properties for 

stenotic material through the openings of the stent. 

27 The apparatus of claim 25 further comprising a 
catheter device for removing and retrieving the removable 
inner layer from within the stent. 

28 . The apparatus of claim 27 wherein the catheter 
d evice includes a grasper device for grasping and removing the 
removable inner layer from within the stent. 

29 The apparatus of claim 27 wherein the catheter 
<w K^ovina the removable inner layer 
device includes means for b rea tan g t h ^ ^ 

into parts and removing the parts or 
from within the stent. 

30 The apparatus of claim 27 wherein the catheter 
d evice includes means for causing the movable inner layer to 
shrink away from the stent to facilitate removal of 
removable inner layer from within the stent. 

31 The apparatus of claim 30 wherein the removable 
inner layer comprises a thermally activated shape -mory 
inner laye y device includes heating means for 
material and the catheter de ^ 
causing the removable inner layer to shrmK y 

stent . 

32 The apparatus o£ claim 30 wherein the removable 
.„„, laver collapses diametrically when elongated and the 
catheter 7,vZ includes means for g raspin g and elon g atin g the 
"1= inner layer £ or caus ing the removal inner layer to 
shrink away from the stent. 



L 
2 
3 
4 
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1 33. The apparatus of claim 30 wherein the removable 

2 inner layer includes at least one purse string member and the 

3 catheter device includes means for grasping and pulling the at 

4 least one purse string member for causing the removable inner 

5 layer to collapse and shrink away from the stent. 

1 34 . Apparatus for maintaining an open lumen in a 

2 body passage, comprising: 

3 a stent having support members defining a generally 

4 cylindrical envelope for supporting a wall of the body passage 

5 and openings between the support members of the stent, the 

6 stent having at least one internal rail on an inner surface of 

7 the stent; and 

8 a catheter device for removing stenotic material 

9 from within the stent, the catheter device having at least one 

10 guide means for guiding the catheter device along the at least 

11 one internal rail on the inner surface of the stent. 

1 35. The apparatus of claim 34 wherein the at least 

2 one internal rail comprises a slot or groove on the inner 

3 surface of the stent and the guide means comprises a guide 

4 foot for slidably engaging the slot or groove. 

1 36. The apparatus of claim 34 wherein the stent 

2 comprises three longitudinally oriented internal rails on the 

3 inner surface of the stent and the catheter device has three 

4 guide means for guiding the catheter device along the three 

5 internal rails . 

1 37. The apparatus of claim 36 wherein the three 

2 longitudinally oriented internal rails comprise three slots or 

3 grooves on the inner surface of the stent and the three guide 

4 means comprise three guide feet for slidably engaging the 
5. slots or grooves. 



1 
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38 a method for removing stenotic material from a 

a frame having passages . through which the stenot 
protrudes, said method -mprxsing: ^ 

moving a component of the stent reia 
passages to shear the stenotic materia! while the stent 
remains in situ. 

3S Th e method of claim 38, wherein the moving step 
prises r„e ul ar ly introducing a catheter to engage the 
stent and move the component. 

40 The method of claim 38 or 39, wherein the 
component comprises a coaxial layer having passages aligned 
with those of the frame. 

41 The method of claim 40, wherein the moving step 
comprises translating or rotating the coaxial layer relative 
to the frame. 

42 The method of claim 40, wherein the moving step 
comprises removing the coaxial layer from the frame. 

43 The method of claim 38 or 39, wherein the 

. arises a wiper which is swept past an inner 
component comprises a wipct 

surface of the frame. 

44 The method of claim 43, wherein the wiper is 
aligned axially and swept circumf erentially over the inner 
surface of the frame. 

45 The method of claim 43, wherein the wiper is 

the frame. 

46 The method of claim 41. wherein the wiper 
£oll ows a guide formed on the inner surface of the stent. 



1 
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1 47. The method of claim 38 or 39, wherein the 

2 component comprises the frame and the moving step comprises 

3 vibrating the frame. 

1 48. A method for removing stenotic material from a 

2 stent implanted in a body passage, wherein the stent comprises 

3 support members defining a generally cylindrical envelope for 

4 supporting a wall of the body passage and openings between the 

5 support members of the stent, the stent further having at 

6 least one internal rail on an inner surface of the stent, said 

7 method comprising: 

8 engaging the stent with a catheter device having at 

9 least one guide means for guiding the catheter device along 

10 the at least one internal rail on the inner surface of the 

11 stent. 

1 49. The method of claim 48 further comprising 

2 removing stenotic material from within the stent with the 

3 catheter device. 
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